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METHOD AND APPARATUS FOR THE lugjwr than' the thcnnaloxidizCT.thcr(*yii^^ 

DESTRUCTION OF VOLATILE ORGANIC technology less attractive for the majoity of industrial sites. 

COMPOUNDS Accordingly, an efficient and cost effective device for die 

destroction of volatile organic con^KKinds is needed. 

This application is a division of apidication Set No. 5 «„^™^vt 

08/538,6», filed Oct 3, 1995, now U.S. Pat No. 5^592^11. SUMMARY OF THE INVEimON 

TECHNICAL FIELD ^ system for the destruction of volatile organic com- 

irsA^^niN pounds according to the present invention addresses the 

This invention relates generally to a me&od and s^aratus shcstcomings of the prior art 

for the destrucUon of hazardous materials, sudi as volatile accordance with one aspect of the present invention, a 

organic compounds, and more particularly, to the destruction system for fiie destruction of volatile organic compounds 

of volatile organic compounds througji &e use cf a tmfame compiiscs a power generatcr, such as a gas turbine engine, 

engine in order to produce power. vfUdi is provided wifii a reaction chamber driven by a 

TiArTrnpniTKrnoFTm INVENTION 13 oombustion device. The system further conq>rises a primary 

BACKGROUND OFTHE INVENTION " inlet to the coznbustor for supplying a primary fiieL A 

^cteasingly over the past half century, air qu^ity has secondary fud is also supplied to the combustor and to the 

become an issue of public concent Over this period, the xeaction dumobec The secondary fuel comprises air and an 

scientific community has steadily in^ved its understand- amount of a volatile csganic oonqKsund. The system fisther 

ing of the origins of the air pollution that is appar^ over ^ includes a compressor, typicafly fl»c conqtressor of the 

most major U.S. cities. A large part.of this air poUntloii is powff generator, for conqaes^ing the secondaiy fiieL The 

attributable to the release of volatUe organic compounds into reaction diamber is preferably connected to an exit of the 

the atmosphere. As a result, the reduction of the releases of combustor to allow for stoichiometric reaction of the two 

volatile organic con^Kvunds has become an increasingly are mixed togrfher. 

1^^,^ in5>Qrtant part of the ovcraU strategy to improve air quality. ^ ^ accordance with a further aspect of the present 

'II, Themost familiar volatile compound reduction technique invention, the power generator drives a recovery system that 

'Q is the control of fuel vaporization by vapor recovery generates electricity, 
i'^l techniques, first on automobiles and now on gasoHne sta- 

tions located in nonobtainment areas. As a result, the steady BRIEF DESCRIFnON OF THE DRAWING 

year over year increase in U.S. releases of these conq)ounds ^ FIGURES 

m haslevdedoffandisnowevendec^ TT^ present invention will h«inafter be describ«^ 

iJi Manufacturing sites axe responsible for ^I^oxnnately 8.5 eoniunddcm with the appended drawing figures, whenan like 

xnimon tons of volatile organic coinpound emissions arum^ designations denote late dements, and: 

'^"^ ally. SoWent vaporization or in some cases, hydrocarbon ^fl^ ...... ^ • f a ^.^^^ 

I'- byproducts^areS^emanufacturingpr^^ m 1 is a rimplified sAematic dra^^ 

. S^^iJsed re^arly in daily life, m manufacture erf device in accordance with the present invention; 

r femaiar consumer products results in the release into the FBj. 2 is a schematic drawing of a device of the type 

b atmosphere of significant amounts of organic compounds shown in HG. 1 as utilized in an exemplary plant layout, 

I'll sudi as pentane, elfaanol, metfianol, ^yl acetate, and many piO. 3 is a cross-sectional view of a combustor used in 

I'^^l others. The control of volatile arganic con^KNmds is essen- 40 connection wi& fiie deslmctioO device of FIG. 2; 

tial to the environmentally fiiendly manufacture oi these pjQ partial aoss-sectional view of the combustion 

M products, and flxus,tiierc remains a straggle with file cost of reaction diamber of the destruction device of 

control versus flie loss of conq>etxtiveness. Pjq 2; 

The most common control method in use today is Ihe^- rrrr g y n n «,cc-»>Mi^ nfl ] ^ew o f the com pressor (rfA e 

thermal oxidizer. In connection with this method, the volar ^45 d4;aUuaiofl ULviLL uf nG.-2; 

tac solvent is rdeased m amounts geni^^ ^ sdiematic drawing of an alternative plant 

chamber where it is mixed wifli enough natural gas to sustain inventton, an j. , ^ v-m 

combustion. It is then ignited inT large (SLber that 50 EIG. 7 is a further altemarfve em^^ 
indncrates tiie volatile solvent, as wdl as, the natural gas, layout of a destruction device io accordance with the i^esent 
thcrd>y producing carbon dioxide and water vapor as the s^vention. 

primary products of combustion. These oxidizers are largej^^^^^ DETAILED DESCRIFIION OF PREFERRED 
complicated devices that represent a major ca|Htal expense EXEMPLARY ^IBODIMENTS 

and require significant amounts of dectdcity and gas to S5 

operate. While heat can sometimes be recovered, generally While the way in which tiic present invention addresses 
speaking, thcnnal oxidizers represent a significant economic the various disadvantages of <he prior art designs will be 
loss to the businesses using tiicuL In a typical U.S. industrial discussed in greater detail iicrdnbdow, in general, the 
plant, the cost of operating this type of device easHy adds present invention provides a volatile organic oon^Kwnd 
25% and often mudi mOTc, to the yeariy energy bilL 60 (VOC) destruction device which indudes a power generator 
A^otho- current control tedmology uses solvent rccovciy sudi that the effective elimmarion of VOC's also results in 
methods that pass the air fi^m the plant through an activated the co-gencration of powet The power so produced can be 
diarcoal filter. PeriodicaUy, fee charcoal is heated, driving converted into dectridty, whi<* can m part tove fee 
off highly concentrated volatfle coinpounds into a chilled destruction device as wdl as jiroduce power for ofecr uses, 
condensing system. The output is a Hquid arganic compound 65 Wife reference to HGS. 1 and 2, a VOC destruction 
often lequiiing hazardous waste treatment The cost of device 10, in accordance wife a preferred cnobodiment of fee 
operation, as wdl as fee initial capital costs, are significanfly present invention, suitably iodndes a power generator 12 



5,718,112 

3 4 

which is dnven by a fiiel system 14. Fud system 14 is ducted from the plant via one or more air ducts. These 
preferahly con^iiises a combustor 16 and arcacdon chamber ducts are directly or indirectly connected to an inlet duct 40 
18. As will be discussed in greater detail hereinbelow, in (see FIO. 1) which provides VOC laden air to destxuction 
operation, VOC destiuction device 10 utilizes natural gas or device 10. 

any other suitable fiid as a primary fud siqvply in a s in accordance with a ptcfored aspect of Ac present 
conventional manner. However, in aooordanoe wifli die invention, power generator 12 draws in such VOC laden air 
present invention, this primary fud is suitably mixed witti a together with fuel, the combustion gases of both which flow 
secondary fud comprising air and prcferabfy VOCs. This athigh vdodty into turbine 26 and diercby drive turbine 26. 
fiid mixture of primaiy and secondary fuels is consumed by as previously briefly mentioned, the primary fud utilized as 
power generator 12. lo the power source in accordance with the present invention 

In accordance with a preferred embodiment of the present may cQn^irise natural gas; alternatively, diesd oil, jet fuel, 
invention, power generator 12 preferably conqsises a gas methane or any other fud materid may be utilized in an 
turbine engine, for exanq)le an AUiedSignd IE-^1 engine, amount suffident to sustain combustion in combustor 16. 
which is produced by AlHedSignd Aerospace, Phoenix, The secondary fud comprising the VOC laden air is 
Ariz, has been found to be suitable. However, it sh«ild be 15 generally much leaner flian fee primary fud. GcncraUy 
recognized that any suitable engine can be used in fee speaking, the secondary fud has a VOC concentration in fee 
context of device 10, provided such engine can be suitably jgnge of 0% to 1%. This 1% maximum carrcsponds to 
employed in fee generation of power. approximatdy 10,000 parts per million, depending on fee 

Wife continued reference to FIG. 2, power generator type of organic coiiqx)und involved, l^ically this will 
(engine) 12 is preferably of a conventional desigiL For ^ conq>ly wife OSHA regulations as fee tTnaTfTn^iTn concen- 
example, engine 12 suitably indudes, in spaced relation, a tration allowed within plant air in order to prevent fee 
generator 20, a gearbox 22, a compressor 24 and a turbine possibility of an explosion within fee plant, and in the event 
26. I^ine 26, also preferaldy of a conventional design, pennissitsle limits are exceeded, fee concentration can be 
suitably indudes a power turbine (not shown) connected to reduced. However, it should be appreciated that system 10 
shaft 28. As will be appreciated, shaft 28 is suitabfy con- ^ is cqsable of HflniAlng higher VOC oonoentrations, as may 
nected to generator 20, gearbox 22 and oompressor 24. be desnaUe in some q)plicati<ms. 

In accordance wife the present invention, VOC destnic- ^^lefioence to FKL 1, a simplified schematic view of 
tion device 10 can be utilized to concQxienfly destroy V(X7s destruction device 10 is shown. As shown, V(X] laden air 
and realize fee fuel value of sudi VOC^s produced from a ^ fiominlet duct 40 is suitably directed to power generator 12, 
variety of different environments. In this context, fee term and in particular, compressor 24 feereof. Preferably, fee 
'VO(7* is used broadly to refer to carbon containing temperature of fee inlet air A, ie. fee VOC laden air, is at a 
compounds, sudi as hydrocarbons, dioxins, alcohols, temperature of less than about 130° F. To this end, a 
ketinesaldehydes, efeers, organic adds, halogenareated temperature control system 42 is suitably positioned to 
forms of fee foregoing and fee like. For example, as used ^ measure the temperature of fee inlet air and in fee event fee 
herein, the term VOC may refer to pentane, tcm^ieratnre exceeds about 130^ F., fee air is cooled through 
n-ethylmorphilin, toluene, ethanol, methanol, a cooling system 44. As will be appreciated by feose skQled 
decabromodiphenyloxide, efeyl acetate, benzene, polysty- in the art, cooling system 44 may suitably con^se an air or 
rene and fee like. Such VOOs or similar diemical com- water heat exdianger suitably configured to cool fee tem- 
pounds are typically produced from fee evap<vation of ^ perature of inlet air to a temperature in fee range of about 
chemicals used in and generated by basic industdd pro> 59° to about 130° F. 

cesses to produce plastics, pharmaceuticals, bakery Once the te^^>erature of inlet air A is within a suitable 
products, {Hinted products and fee like. A particulariy i>ro- range, sudi idet air A is passed through a control vdve 46 
fared application of fee present invention is in fee area of which is suitably provided wife a VCX! monitor 48. As will 
control VOC's jproduoed during fee production of expand be discussed in greater detail bdow, monitor 48 measures 
able polystyrene (i.e. fee process to make "styrofoam") fee levd of VOC within inlet air A. TTiis VOC levd 
where fee primary emission is fee VOC pentane. measurement, as will be described in greater ^ffa il bdow, is 

Device 10 can be employed to destroy VOC's ^i^ch can utilized to adjust, as appropriate, fee ratio of primary and 
be collected from fee plant as whole, from spedal isolated secondary fuels which are fed into combustor 16. Regulator 
or hooded areas, from dryers or from a VOC concentrator 50 46 suitably regulates the flow of air whidi is drawn ioto 
utilized in such plants. In fee context of fee present oompiessor 24. 

invention, air from one or more of feese environments or ^hen device 10 is placed in imrioi operation, generator 20 
areas is referred to as '"VOC laden air". It should be is utilized to initially drive oonqxressor 24 (as well as turbine 
^>pieciated that fee amount ofVOC present in suchairmay 26) to suitably draw inlet air A into con^ressor 24. As 
vary from small amounts or none to larger amounts, over 55 operation of device 10 continues, fee power drawn from 
time and as conditions in fee plant change. As wife typical generator 20, througib gearbox 22, may be suitably decreased 
prior art mefeods of destroying VOCs or such, fee present and feereafUr conapressor 24 is, at least in part, and pref- 
invention may be employed even over periods of time when erahly entirely driven by fee power generated through 
the VOC levd is small or nonexistenL As sudi, fee term operation of device 10, and in particular, throu^ the gen- 
VOC laden air includes air that from time to tune may not ^ oration of enogy effected by turbine 26. 
indude a significant quantity (or any amount) of a VOC. rjp^ As discussed briefly above, con^ssor 24 suitably com- 
VOC laden air, such as air laden wife pentane resulti^''^ prises fee compressor of powty generator 12. Wife momen- 
from fee manufacture of expandaUe polystyrene, is first tary reference to FIG. 5, compressor 24 preferably corn- 
collected and feereafter suitaUy passed into device 10. prises dternate respective sets of rotating blades 56 and 
While such VOC laden air may be collected in any conven- 6S stationary blades 58. Rotatiii| blades 56 are suitably rotated 
tional manner for use in connection wife fee present through rotation of shaft 287which is briefly noted above, is 
invention, preferably, in such a process, fee VOC laden air initially activated 1^ genoator 20. In accordance wife a 
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preferred a^>ect of Hic present ^vention, carr^jressor 24 accordance with at least one aspect of the present invention, 

comprises a multistage coTaprtsyXj more preferably a two suitably provided to the combustor 16 and also directly to 

stage compressor, Le. there ar^t least 2 lotatittg blades chamber 64 by way of tubes 116, 118, as will be discussed 

(impellers) 56 within the bodyiiof conqiressQr 24. ^ furtfacr detail bdow. 

As will be nscogniicd by those skilled in the art, inlet air 5 With reference to FIG. 3, combustor 16 ^ 

A drawn into ccHncressor 24 is suitably oonmressed to * ^ thermally msulated combustor. 

pressnits ranges frran about 4 to about 30 atmc^eres, and I\^?«bly. combustor 16 compiiscs an outiet wall 80 within 

5SS^^«9 W ^^"^ a conventional combustion device az is suitably 

prMainy w «wui y rtuiwapji™^ orientated. An inlet 84 communicates with combustion 

. the tempcnittire of^^^ device82toadvantageously effect combustion of fuel C As 

"L'^^no^pf within^e rang, of lO ^ 

about 550^ F. to a^ut 650« F. m c^^r^ air Bthen J[ TOtoough fuel control^ve 74 

exits ccmipress^ 24 toou^ outlOs 57A, S7B and ^dfer- compressed air provided to combustion device 82 

ably enters reaction chamber 18 through mlets 59A, 59B. accordance with prefen«l aspects of 

With continued reference to FIG. 1, con^iressed au* B is theprcsentinvention,fuelsupplyC is suitably controlled by 

suitably directed to a flow valve 50 which is provided with a control system ISO such that a sufficient amount of primary 

a monitor 52. Valve 50 suitably controls the amount of fod C is provided to combustion diamber to effective^ 

compressed air Bwhidi is provided to reaction chamber 18 mamtain an ^ifirocaiate equivalence ratio (ER) thexcby 

and condmstor 16. enabling stoichiomelrically cooect combustion. As shown 

As shown best in HQ. 1, a primary fuel inlet 70 provides ^ bestinErGS.3and4,feeoutlet86of combustor 16 suitably 

primary fuel C to combustor 16 through a flow valve 72. communicates with the interior of reaction chamber 18. 

Flow valve 72 preferably includes a monitor 74 to monitor Combustor 16 may be attached to reaction diamber 18 in 

the volume of fuel whidi is provided to combustor 16. As a^y convenient manner. For example, combustor 16 can be 

will be described in greater detail hareinbelow, fuel C and a fixaWy attached to diambo: 18 such that outlet 86 of 

limited amount of conqiresscd ak B (including the second- ^ combustor 16 direcdy communicates with an opening of 

Uh ary VOC fuel) is suitably provided to combustor 16, the reaction chamber 18 in an in-line manner. However, in 

!.«^ remaining portion of the secondary fuel being provided to accordance with a preferred aspect of the present invention 

''III reaction chamber 18. In accordance with a particularly and as shown bestin FIGS. 3 and 4, combustor 16 is attached 

Ul preferred aspect of the present mventiwi, the combination of to reaction chamber 18 such fliat combustor 16 is orthogonal 

combustor 16 and reaction chamber 18 is effective to sub- ^ iq |hc central axis X of reaction diamber 18. In this manner, 

stantially destroy the VOC within oonqsrcssed air B and as will be described in greater detail below, the combustion 

provide a mixed combustion gas stream D having a tcm- gages exit outiet 86 of combustor 16 tangentially to reaction 

m perature suitable to activate the nozzle and turbine stages of chamber 18 thereby tending to create a substantially 

:^«| gas turbine 26. In accordance with a preferred aspect of tiie cydonic flow of tiie resulting fuel mixture within reaction 

J*': present invention, the mixed-out tenq^aturc of mixed ^5 chamber 18. While combustor 16 is shown in FIG. 4 as 

stream D provided to turbine 26 is in the range between attached to reaction diamber 18 tangentially near an 

12 about 1500* F. and about 2300** E, preferably about 1850" ^nd of reaction dumber 18 opposite inlets 59tt. 59^ it 

^- should be appcedatBd that oconbustion chamber 16 may be 

'if 2 \ . In a conventional fashion, mixed stream D is directed to attached ia any convenient fashion. For exan^le, oombustor 

turbine 26. Tltrbine 26 of the type generally described above, ^ 16maybeattacfaedatanyattglefiKunaboiitO° to about90*^ 

Ql is initially started by cranking it over with a starter (not fipom flie ceoual axis X of reaction dianiber 18 and at any 

fi^^ shown) to produce air flow through the oonqxressor. At flie point along a side or the top of reaction chamber 18. 

appropriate speedffudCispenmttedtoflowhitocomb^ Gombastion witfahi combustor 16 takes place in a gener- 

□ 16. However, once device 10 is in operation, mbced stream ally conventional manner, with the exception that com- 

D suitably powers turbine 26 in a manner such that flic 45 pressed air B, Le. the VOC laden air introduced into the 

ou^mt B from turbine 26 is suitably harnessed and utilized system, is permitted to mix with flje primary fuel C within 

m subsequent operation off device 10, as well as in conneo- later stages of combustor 16. As will be appreciated by 

tion wifli the production of power for other applications. those skiUed m the art, near inlet 84, primary fuel C is 

With reference to FIGS. 3 and 4, the way in which relativdy ridi sudi that it bums under near stoichiometric 

reaction chamber 18 and combustor 16 cooperatively work so conditions, typically at a temperature in the range of about 

to effectively destroy the VOC*s in the VOC laden ak in a 2500*' R to about 3200** F., preferably between about 2800** 

manner to suitably drive power generator 12 will now be F. and about 3000** F. and optimally 3000** F. In this region 

described in greater detail denoted in FIGS. 3 and 4 as often referred to as the 

Reaction chamber 18 preferably con^xrises a double ''primaiyzone'", a minQr portion of secondary fuel, wMdi is 

walled vessd having a main, inner wall 60 and an outer wall 55 contained within the compressed air is suitably mixed with 

62 that envelopes inner wall 60. The diamber 64 defined by primary fud thoefay creating a fiid mixture of primary and 

wails 60 and 62 is suitably configured and positioned in secondary fuels. Tbt minor portion of secondary fiid intco- 

proodmity to coni^esscr 24 to receive compressed air B. duced into the primary-zone P via inlet 69 is about 10% to 

I^erably, and with reference to FIGS. 4 and 5, chamber 64 about 30% of the secondary fueL If the portion falls mudi 

receives compressed air B (containing the secondary fud) 60 bdow 10%, the fud will become too rich and thoeby cause 

from outlets 57 A, 578 of com^u'essor 24. Chamber 64 "rich blowout** While the amount of secondary fud intro- 

cxtcndsabouttheperiphery of reaction diamber 18. Further, duced into combustor 16 win vary, in general preferably 

in accordance with a preferred aspect of the present from about 0 to about 70%, and more preferably from about 

invention, chamber 64 also suitably communicates with 0 to about 50% of tiie fuel necessary to drive power 

combustor 16 in the region of respective openings 67A and 65 generator 12 is p'ovided by the secondary fueL 

€7B by way of a phirality of inlets 69, as wdl as wail 60 by The residence time of the gas mixture of primary fud and 

way of tube outlets 124, 126. Thus, confessed air B is, in secondary fiid within reaction chamber is enhanced due to 
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the prefoxed configuratioD of oombustor 16 ztLadve to tfaiougb opeiation of device 10, exhaust E can be released 

reaction chamber 18. Spedfically, and in aocordance witfi a directly into die atmosphere. 

prefored aspect ci die present invention, as the oombusdon Iq accordance with a further aspect of a preferred exem- 
gases exit the combustor at outlet 86, such gases are directed piary embodiment of the psresent invention, device 10 is 
toward the exposing waU of reaction chamber 18. The flow 5 suitably provided with an inlet air control system 110. With 
pattern which results in the interior of reaction chamber 18 reference to FIG. 4, system 110 may advantageously corn- 
tends to be cyci<mic i.e. creating a spiral pattern. prise a bypass flow circuit compTLSing respective bypass 

Id accordance with a prefened aspect of the present flow chamids 112, 114. 
invention, the fuel mixture, comprising primary fiiel and >^ 5^ iqipieciated by those skilled in the art, com- 
seoondaiy fuel is retained in reaction chamber 18 for a jjyjjQj. j^j lequires a certain primary- zone fuel-to-air ratio to 
sufficient time to effectively bum, i.e. combust the VOC's operate. propcriy, typically 0.04 to 0.05, while power gen- 
contained within fee secondary fuel B. Typically, the resi- erator 12 typically requires a fuel-to-air ratio of approxi- 
dence time of the gas mixtures within reaction chamber 18 niatdy 0.008-0.01. Accordingly, the fuel ratio within corn- 
is on the order of about 0.25 seconds or more. In acotxdance bustor 16 generally should be ridier than, e.g- about four to 
wifli a preferred design of die present invention, the tangcn- five times as rich as, the overall fuel ratio required by die 
tial orientation of the oombustor relative the reaction cham- generatGC 12 at idle or with no load. If die VOC concentia- 
ber has been found to not only enhance residence time, but tion within die air inlet Ais too high, the fiiel mixture within 
also to cause a degree of recirculation within reaction the combostor 16 will become too lean, thereby causing the 
chamber 18 tiius further enabling substantially con^ilete combustar to ''flame out** *llameout^ occurs when die fiiel 
destiucdon of the VOC's within reaction chamber 18. 20 to air mixture wifldn die cosibustorpiimaiy-zoneP becomes 

In practice, die present invention generally results in an too lean to sustain a flame. In accocdance with this aspect of 

excess of 90%, and typically from between about 9S and the present invention, air control system 110 is provided for 

99^% of die VOC contained widiin secondary fliel B being the pmpose of enabling enrichment of the fuel burned within 

effectively broken down into water v^Kir and carbon diox- combustor 16. As will be discussed in greater detail below, 

ide. As will be appreciated, and as will be discussed in ^ control system 150 monitors and controls the concentration 

greater detail below, through effective operation of device of the VOC within die secondary fuel, as well as the overall 

10, substantially all of the VOCs contained within the inlet fad to air rado within the combustor, by causing a portion 

air A, and thus compressed air B, are thus effectively of the concpressed air B to be directed only within reaction 

destroyed widiin reac^on chamber 18 and/or combustor 16. ^ chamber 18 and not into combustor 16. 

The dcHible-walled conflguration d reaction chamber 18, RDeferably, flow channels 112, 114 of system HO each 

whidi permits flow <^ compressed air B through die outer con^mse rei^>ective tul>e$ 116 and 118. E^erably, tul>es 116 

chamber 64 advantageously provides for a modicum of and 118 are suitatdy attached to reaction chamber 18 at 

cooling of die reaction chamber. For example, in. die region 116A, 118A and are in fluid communication with diamber 

of die oudet 90 of reaction chamber 18 cooling tends to take 35 64 at outlets 124 and 126. 'Dibes 116 and 118 each preferably 

place due to the generally lower ten^»rature of the comr include respective valves 120 and 122, which may comprise 

pressed air B as compared to the ten^ierature of the com- any conventional flow control valve, such as a general 

busting fuel mixture within die inner portion chamber of popp^-type valve or die like, l^bes 116, 118 are in fluid 

reaction diamber 18. communication with duct 65, which is in fluid communica- 

Oudet 90 of chamber 18 suitafaly communicates widi ^ tion wi&i chamber 64, such that when valves 120, 122 are 

turbine 26 of power generator 12 in a conventional fashion, c^>ened, the pressure differential between chamhers 18 and 

die high velocity flows of the combusted gas mixture flow 64 pushes a portion of the conqnressed air B out of chamber 

onto turbme 26 to thoeby drive it TXsbine 26 is suitably ^ dnough duct 65 and into tubes 116, 118. This portion of 

configured, in a conventional fashion* to prodnoe usable oonqxessed air B then travels dirough the tubes 116, 118 and 

powertonotonly continue operation of device 10» but also 45 through outiets 124, 126 directly into chamber 60, 

to provide power for other i^lications. For example, causing air B to therd>y bypass the combustor 16. In a 

throu^ utilization of a preferred ^ tmbine engine, Le. an prefened embodiment, when the valves 120, 122 are dosed, 

AUiedSignal IB-831 engine, in connection widi desbuction ^ of oonquiessed air B enters combustor 16 in the region of 

device 10 of die present invention, power snffident to lun openings 67A and 67B via inlets 69. 

compressor i24 and up to an additional 525 kw of eledridty ^ Fteferably, as ^own, channels 112 and 114, as well as 

have been found to be obtainable. duct 65, eadi con^xtise a single tube that allow for the 

WiUi reference to FIG. 2, in accordance with a preferred adequate bypass of con^ressed air B from chamber 64 
embodiment of the present invention, power generator 12 is directly into reaction dianiber 18. However, other arrange- 
suitably positioned such diat the exhaust heat E is directed ments for aocon^Hshing this objective easily can be devised 
to a heat recovery system 100. Heat recovery system 100 55 and employed in the context of die present invention. Due to 
may be of conventional design and operate in a conventional size considerations, generally die number of chaimds 112, 
fashion. For example, system 100 may comprise a heat 1^4 are minimized to two or three, and preferably even one; 
recovery steam generates suitably configured and positioned however, additional channels may be en^loyed as desired 
to provide usable hot water 102 and steam 104. Water 102 Inlet air control system HO can be activated manually or 
can be converted into power sufi&cient to power gearbox 22, 60 through the cono^xiter control associated with control system 
diereby obviating die continuing need for generator 20, and 150, which will now be described, 
steam 104 can be released as process heat or recirculated Preferably, control system 150 is a computer based system 
into the regional combustor 16. suitably configured and arranged to control, among other 

Altemativdy, exhaust E may be directly used. Exhaust E things, power generator 12 and fuel supply C, as well as inlet 

is generally at a ten^perature of about 1000^ F., and dius can 65 and outlet air from device 10. In general, control system 150 

be used to heat the plant direcdy. Because as much as about operates in a conventional manner to control power genera- 

99^% or more of die VOCs have been eflfectivdy destroyed tor 12 indnding, among other tilings, compressor 24 and 
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tuxbine 26. Fuitbcr, in a convendoiial fashion, control sys- lOB. Destruction devices IDA and lOB are in a fonn similar 
tern 150 q>erat&s to start device 10 initially and monitor to device 10 described above. System 200 suitably corn- 
operation of device 10 as device 10 begins to operate due to prises an inlet 202 y^dti cooperates with, for example, inlet 
the burning of primary fuel A and secondary fuel C air duct 40. Inlet air Ais thereafter drawn into diamber 203 

Control system 150, however, diflPcrs from conventional 5 where inlet air A is both cooled and sampled to detraniiie the 

g9S turbine and ottier industrial engine controls in that level of VOCs in inlet air A. Preferably, one or more sensors 

system 150 operates to monitor and, as necessary, adjust fuel 206 are suitably carried wifliin chamber 203 for the purpose 

supplies A and C, as well 25 air control system 110 to of determining the VOC level within inlet air A. 

achieve optimum levels of efficiency and ensure tiiat device In tiie event inlet air A is detennined to be laden v^oth an 

10 safely and effectively remains operative. Any suitable unacceptable level of VOC, an inlet bypass device 208 

dectronic means that is well known in the art may be opens to allow fresh air into chamber 203. Iteferably, bypass 

utilized for control system 150. As previously noted, and device208oonqmsesa shuttervalveQf conventional design, 

with momentary reference to FIG. 1, control system com- Jq addition, inlet air A is suitably cooled to a temperature 

municates and utilizes information received from sensors witiixn an acceptable range. Preferably, such cooling is 

42, 48, 52, and 72. In addition, one or more sensors 152 may 15 ^Q^^Q^cd throu^ a heat exdianger system 205. Preferably 

be utilized whidi are incoiparated in proximity to or within system 205 comprises respective heat exchange elements 

reaction chamber 18 or oombustor 16. (While sensor 152 is 204, 218, outlet 210 and cooling fan 222. As win be 

shown in FIG. 1 as being outside of both diamber 18 and appreciated by those skilled in the art, element 204 is 

oombustor 16, its location is only iDustrative of its position suitably connected via outlet and duct elements (not shown) 

(or the positions) somewhere within fiiel control system 14). 20 cooling pnmp 211 and heat exchange elemyent 218 sudi 

In cooperation, these sensors provide information reflective that cooling fluid is suitably recirculated between elements 

of, among other things: VOC level in inlet air (e.g. sensOT 204 and 218. In a conventional manner, system 205 allows 

48); temperature and flow rate of inlet air A, conipFessed air for the cooling of inlet air A. Inlet air A once cooled, is 

B, fuel C, mixed stream D and the Iflce; friel content and passed through a centrifugal separator 212 separating the 

vohune (e.g. sensor 74); power output from device 10; and ^ VOC laden air from any large particles. Once separated, the 

speeds of turbine 26, with this and other information, conird voC \»^^^ tt is ccmmnnicated to devices lOA and lOB, 

system suitably controls flie operation of device 10. preferably by respective conduits 214 and 216. As previ- 

For example, when the power output of power generator ously briefly mentioned, devices lOA and lOB operate in a 

12 drops below an expected Icvd for the measured full fashion similar to that of device 10 described above to 

consumption offndC, thus indicating, for exanqile, that ttie ^ generate respective esdiausts El, Elvilucfa are released into 

fuel mixture within combustor 16 may be beoondng too the plant to provide process heat tiiiougjb ttspcedvc oudet 

lean, control system 150 may activate control system 110. fii 230,232. 

such cases, valves 120, 122 will be opened thereby creating ^^fli rrference to HG. 7, a further alternative embodi- 

a pressure difi'erence sufficient to draw compressed air B out ment of the present invraticm is shown. With certain 

of the chamber 64 and into the bypass flow channels 112, i^iplications, it may be desirable to utilize a destruction 

114, whidi in turn, direct compressed air B into reaction device in accordance with tiie present invention in a rela- 

chambcr 18 tiius preventing its flow into combustor 16. tivcly mobile fashion. As shown in FIG. 7, a mobile dcstruc- 

Opcration of control system 150 in this manner prevents the tion system 300 suitably conqrises a sled 302 upon which 

fuel mixture witiiin oombustor 16 from becoming too lean, ^ des&nction device IOC is suitably mounted. Destruction 

while still allowing for the VCKl laden air to be reacted with device IOC is suitably configured in a manner similar to that 

the primary fuel within reaction chamber 18 to tiiercby of device 10 described hereinabove. As so configured, 

destroy the VOC concentration and retain flie VOC fuel device IOC indudes power ^erator 12 to which reaction 

value. chamber 18 and combustor 16 are suitaUy attached. Hie 

Stated another way, control system 150, by momtoring the output of device IOC, namely exhaust E3 is suitably comr 

varying VOC level in inlet air A, and thus the corresponding municated via outlet 303 into a heat recovery air-oil cooler 

iiiel valve of inlet air, adjusts device 10 for appropriate 304. In aocozdance with this embodiment of the present 

qpention. F<v examfde, in the case ^ere inlet air A has a invention, a voltage source 306 is suitably provided to 

fuel valve in excess of that necessary to drive power provide startup power to device IOC, as well as power, at 

generator 12 at idle alone, control system 150 suitably ^ least initially, to the other aspects of system 300. A gas 

reduces tiie flow of fuel C and as necessary, activates air con^cessar 308 is also suitably mounted to sled 302 for 

control system 110 toprevent generator 12fromoperathig at raising gas pcessure to levds required by device IOC 

excessive speeds and/or combustor from operatiBg at exoes- Respective ventilatars 310, 312 may be also suitably 

sivdy lean or such levels. monnted to sled 302. In addition, a water supply 320 with 

Control system 150 may also be enq>l<q«d to compensate 55 regjective auxiliary units 322, 324, 326, 328 and puiq> 330 

forttic relatively long lag time between fad introduction and may also be utilized frff pmposes of water injection into tiie 

changes in conditions at inlet 90 to turfaiiie 26 caused by combustor 16 to contiol emissions of nitrous oxide, 

reactions taldng place within reaction chamber 18, as well as System 300 is suitably controlled through operation of a 

to monitor or control other aspects of device 10. control system 350 which may be optionally cooled tiirough 

In accordance wift a furthcx embodiment of tiie present 60 operation of a refrigeration device 35Z Various other 

invention, and with reference to FIG. 6, in some cases, it devices such as ventilators, switch and other electronic 

may be desirable to initially treat VOC laden air from a devices may be also emidoyed, in a conventional fashion, 

typical plant prior to destroying tiie VOC's contained for a rfPcctive use of device IOC in connection wifli mobile 

therein. In accordance with tiiis aspect of tiie present system 300. 

invention, an air treatment system 200 is advantageously 65 IMiminary experimental tests of devices embodying the 

enployed and communicates with one or nsore destruction present invention have indicated that by using the \0C 

devices, for example respective destruction devices IQA and laden secondary fuel, tiie amount of primary fuel needed to 



